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SEMICONDUCTOR DEVICE AND PROCESS OF PRODUCTION OF SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a 

semiconductor device and a process of production of the 
same, more particularly a semiconductor device which 
prevents autodoping of an impurity from an insulating 
film to a conductive layer, especially to a polysilicon 
10 layer, to suppress fluctuations in characteristics and a 
process of production of the same. 

2 . Description of the Related Art 

Various bipolar transistors, capacitors , or 
15 resistors are structured with a conductive layer 
comprised of for example polysilicon formed on a 
semiconductor substrate and with interconnections formed 
on them via an insulating film. 

Figures 1 to 4 show examples of cross-sectional 
20 structures of these elements. Each element shown in Figs. 
1 to 4 is formed on a p-type semiconductor substrate 1 
and an n-type epitaxial layer 2 formed on the substrate 
1 . In all the elements of Figs . 1 to 4 , a LOCOS 3 for 
separating elements is formed on the surface of the n- 
25 type epitaxial layer 2 . Below the LOCOS 3 is formed an 



element separating diffusion layer 4 . The element 
separating diffusion layer 4 reaches the p-type 
semiconductor substrate . 

Figure 1 shows a vertical npn transistor 
(below, referred to as an "V-npn" ) , while Fig. 2A shows a 
lateral pnp transistor (below, referred to as an "L- 
pnp") . 

Figures 2B and Fig. 3A both show vertical pnp 
transistors. Figure 2B shows a vertical pnp transistor 
comprising an n-type buried layer which separates 
electrically a p-type collector layer and the p-type 
semiconductor substrate. This is referred to as a "V-pnp" 
below. On the other hand, Fig. 3A shows a vertical pnp 
transistor wherein a p-type collector layer is formed to 
reach a p-type semiconductor substrate (substrate pnp) . 
This is referred to as an "S-pnp" below. 

Figure 3B shows a capacitor of a metal- 
insulator-semiconductor (MIS) structure (below, referred 
to as an n MIS-C"), while Fig. 4 shows a polysilicon 
resistor (below, referred to as a "Poly-R" ). 

Below, the structure of each element mentioned 
above will be explained. 

The V-npn of Fig. 1 has an n-type collector 
buried layer 5 at the surface layer of the p-type 
semiconductor substrate 1. The n-type epitaxial layer 2 



above it is made an n-type collector layer. At the 
surface layer of the n-type epitaxial layer 2 comprised 
of the n-type collector layer is formed a p-type base 
region 6. Around the p-type base region 6 is formed a 
graft base 6a. At the surface layer of the p-type base 
region 6 is formed an n-type emitter region 7. Also, at 
the n-type epitaxial layer 2 is formed a collector plug 
region (n + sinker) 8 which connects to the n-type 
collector buried layer 5 . 

On the n-type epitaxial layer 2 or the LOCOS 3 
is formed for example a silicon oxide film 9 as a first 
insulating film. The silicon oxide film 9 on the p-type 
base region 6 is provided with an opening. In the opening 
and on the silicon oxide film 9 around the opening is 
formed a first polysilicon layer (p-type base electrode 
10) which is connected to the p-type base region 6 and 
serves as a base take-out part. The p-type base electrode 

10 on the n-type emitter region 7 is provided with an 
opening . 

On the p-type base electrode 10 or the silicon 
oxide film 9 is formed for example a silicon oxide film 

11 as a second insulating film. The silicon oxide film 11 
on the n-type emitter region 7 is provided with an 
opening. In the opening and on the silicon oxide film 11 
around the opening is formed an n— type emitter 
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polysilicon layer 12 . The n~type emitter polysilicon 
layer 12 connects to the n-type emitter region 7 and 
serves as an emitter take-out part. 

On a part of the p-type base electrode 10, on 
5 the n-type emitter polysilicon 12 and on the collector 
plug region 8 are formed electrodes 13. 

Next, as shown in Fig. 2A, the L-pnp has an n- 
type base buried layer 14 at the surface layer of the p- 
type semiconductor substrate. The n-type epitaxial layer 

10 2 on the n-type base buried layer 14 becomes an n-type 

base layer. At the surface layer of the n-type epitaxial 
layer comprised of the n-type base layer are formed a p- 
type emitter region 15 and a p-type collector region 16 
separate from each other. Also, in the n-type epitaxial 

15 layer 2 is formed a base plug region (n + sinker) 17 
connected to the n-type base buried layer 14. 

On the n-type epitaxial layer 2 or the LOCOS 3 
is formed for example a silicon oxide film 9 as a first 
insulating film. The silicon oxide film 9 on the p-type 

20 emitter region 15 and the p-type collector region 16 are 
provided with openings. At the opening on the p-type 
emitter region 15 is formed an emitter take-out electrode 
18 comprised of a p-type polysilicon layer. In the same 
way, at the opening on the p-type collector region 16 is 

25 formed a collector take-out electrode 19 comprised of a 
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p-type polysilicon layer. 

Electrodes 13 are formed on each of the emitter 
take-out electrode 18, collector take-out electrode 19, 
and base plug region 17 . 
5 As shown in Fig. 2B , the V-pnp has an n-type 

buried layer 20 at the surface layer of the p-type 
semiconductor substrate 1 on which a p-well comprised of 
a p-type collector region 21 is formed. Due to the n-type 
buried layer 20 , the p-type collector region 21 and the 

10 p-type semiconductor substrate 1 are separated 

electrically. At the surface layer of the p-type 
collector region 21 are formed an n-type base region 22 
and a graft base 22a connected to the base region 22 . At 
the surface layer of the n-type base region 22 is formed 

15 a p-type emitter region 23. Also , the surface layer of 

the p-type collector region 21 is formed with a collector 
take-out part 24 separate from the n-type base region 22 
and graft base 22a. The collector take-out part 2 4 
contains a p-type impurity at a higher concentration than 

20 the p-type collector region 21. 

On the n-type epitaxial layer 2 or LOCOS 3 is 
formed for example a silicon oxide film 9 as a first 
insulating film. In the silicon oxide film 9 on the base 
take-out part, p-type emitter region 23, and collector 

25 take-out part 24 are formed openings. At the opening on 
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the p-type emitter region 23 is formed an emitter take- 
out electrode 25 comprised of p-type polysilicon. In the 
same way, at the opening on the collector take-out part 
24 is formed a collector take-out electrode 26 comprised 
5 of p-type polysilicon. Electrodes 13 are formed on the 
base take-out part, emitter take-out electrode 25, and 
collector take-out electrode 26. 

As shown in Fig. 3A, the S-pnp has a p-type 
collector region 21 in the n-type epitaxial layer 2. A 

10 part of the p-type collector region 21 reaches the 

surface of the p-type semiconductor substrate 1. Also, in 
the n-type epitaxial layer 2 are formed an n-type base 
region 22 and a graft base 22a. A part of the n-type base 
region 22 is formed on the p-type collector region 21. At 

15 the surface layer of the n-type base region 22 on the p- 
type collector region 21 is formed a p-type emitter 
region 23. Also, at the surface layer of the p-type 
collector region 21 is formed a collector take-out part 
24. The collector take-out part 24 contains a p-type 

20 impurity at a higher concentration than the p-type 
collector region 21. 

On the n-type epitaxial layer 2 or LOCOS 3 is 
formed for example a silicon oxide film 9 as a first 
insulating film. In the same way as the V-pnp shown in 

25 Fig. 2B, the silicon oxide film 9 on the base take-out 



part, p-type emitter region 23 , and collector take-out 
part 24 are provided with openings. At the opening on the 
p-type emitter region 23 is formed an emitter take-out 
electrode 25 comprised of p-type polysilicon. In the same 
way, at the opening on the collector take-out part 24 is 
formed a collector take-out electrode 2 6 comprised of p- 
type polysilicon. Electrodes 13 are formed on the base 
take-out part, emitter take-out electrode 25, and 
collector take-out electrode 26. 

As shown in Fig. 3B , the MIS-C has in the n- 
type epitaxial layer 2 a lower electrode layer 2 7 wherein 
an n-type impurity is diffused. On the n-type epitaxial 
layer 2 or LOCOS 3 is formed for example a silicon oxide 
film 9 as a first insulating film. In an opening formed 
in the silicon oxide film 9 on the lower electrode layer 
27 and on the silicon oxide film 9 around the opening is 
formed a capacitor dielectric layer 28 comprised of for 
example a silicon nitride film. 

On the capacitor dielectric layer 28 is formed 
an upper electrode 2 9 comprised of a p-type polysilicon 
layer. The upper electrode 29 is covered with a silicon 
oxide film 11 comprised of a second insulating film. The 
silicon oxide film 11 on the upper electrode 2 9 is formed 
with an opening. In the opening are formed an 
interconnection connected to the upper electrode 29. 
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Also, the interconnection 30 connected to the lower 
electrode layer 27 is formed on the lower electrode layer 

27 except for a part where the capacitor dielectric layer 

28 and upper electrode 29 are formed. 

5 As shown in Fig . 4 , the Poly-R has a 

polysilicon resistor layer 31 on the LOCOS 3 via the 
silicon oxide film 9 . The polysilicon resistor layer 31 
contains an n-type impurity , and the polysilicon resistor 
layer 31 is covered with the silicon oxide film 11. In 

10 the silicon oxide film 11 on the polysilicon resistor 

layer 31 is formed an interconnection 30 connected to the 
polysilicon resistor layer 31 . 

In the above elements shown in Figs . 1 to 4 , on 
each layer comprised of polysilicon (the p-type base 

15 electrode 10 of Fig. 1, the emitter take-out electrode 18 
and collector take-out electrode 19 of Fig. 2A, the 
emitter take-out electrode 25 and collector take-out 
electrode 26 of Figs. 2B and 3A, the upper electrode 29 
of Fig. 3B, and the polysilicon resistor layer 31 of Fig. 

20 4) is formed a silicon oxide film 11. 

As these silicon oxide film 11, a non-doped 
silicon oxide film (NSG; non-doped silicate glass) formed 
by chemical vapor deposition (CVD) is usually used. When 
NSG is used as the silicon oxide film 11, autodoping does 

2 5 not occur. Therefore, for example, when the NSG film is 
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used as the silicon oxide film 11 in the V-npn shown in 
Fig. 1, it becomes possible to stabilize a base/emitter 
junction and form a shallow junction. 

Also, each element shown in Figs. 2 to 4 has a 
5 structure suitable for mixed mounting on the same 
substrate with the V-npn of a double polysilicon 
structure shown in Fig. 1. For example, a polysilicon 
layer and a silicon oxide film on it etc. can be formed 
by the same process between the elements. 

10 In the elements shown in Figs. 1 to 4 , for the 

purpose of miniaturization of elements, all of the 
processing of the polysilicon layer or insulating film is 
conducted by reactive ion etching (RIE) . During the RIE , 
damage due to RIE is given to the surface of the 

15 semiconductor substrate or thermal oxide film and CVD 

insulating film to which reaction products of RIE stick. 

Also, in photolithography for RIE, when 
unnecessary resist is removed, it is difficult to 
completely remove the resist residue strongly adhering to 

20 the semiconductor substrate or thermal oxide film and CVD 
insulating film. 

These reaction products and strongly adhering 
resist residue diffuse or damage elements without 
diffusion due to heat treatment etc. in the production 

25 process. The extremely small amounts of mobile ions 
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contained in the reaction products makes the surface 
conditions unstable and reduces the transistor 
characteristics. For example, in a reliability test of a 
junction of a bipolar transistor, the current 
5 amplification factor h^ decreases. Here, the reliability 
test of a junction is a test in which a certain amount of 
reverse bias is applied to the junction at a high 
temperature for a long time and deterioration is 
monitored. 

10 Also, in capacitors and resistors, the presence 

of mobile ions makes the capacitance characteristics and 
resistance unstable . 

SUMMARY OF THE INVENTION 
15 An object of the present invention is to provide a 

semiconductor device which prevents changes of 
characteristics due to damage by etching and autodoping 
of impurities and has a high reliability. 

Another object of the present invention is to 
20 provide a process of production of the above 
semiconductor device . 

According to a first aspect of the present 
invention, there is provided a semiconductor device 
comprising a first insulating film formed on a 
2 5 semiconductor substrate; a semiconductor layer at least a 



part of which is formed on the first insulating film; a 
second insulating film comprised of a non-doped silicon 
oxide film and formed on the semiconductor layer; a third 
insulating film comprised of a silicon oxide film 
containing at least phosphorus formed on the second 
insulating film; and a fourth insulating film comprised 
of a non-doped silicon oxide film formed on the third 
insulating film. 

Preferably, the third insulating film is comprised 
of a phosphosilicate glass (PSG) film. 

Alternatively, the third insulating film is 
comprised of a borophosphosilicate glass (BPSG) film. 

Preferably, the semiconductor layer is comprised of 
polysilicon . 

Preferably, the semiconductor device further 
comprises a second conductivity type collector region 
formed at the surface layer of a first conductivity type 
semiconductor substrate; a first conductivity type base 
region formed at the surface layer of the second 
conductivity type collector region; a second conductivity 
type emitter region formed at the surface layer of the 
first conductivity type base region; a first opening 
formed at least on the second conductivity type emitter 
region in the first insulating film; a base electrode 
comprised of the semiconductor layer formed in the first 
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opening and on the first insulating film around the first 
opening; a second opening formed in the base electrode 
and second, third, and fourth insulating films in the 
first opening; and an emitter take-out part comprised of 
5 a second semiconductor layer formed in the second opening 
and on the fourth insulating film around the second 
opening . 

Preferably, the semiconductor device further 
comprises a second conductivity type base region formed 

10 at the surface layer of the first conductivity type 
semiconductor substrate; a first conductivity type 
collector region formed at the surface layer of the 
second conductivity type base region; a first 
conductivity type emitter region formed at the surface 

15 layer of the second base region separate from the first 
conductivity type collector region; a collector opening 
formed in the first insulating film on the first 
conductivity type collector region; an emitter opening in 
the first insulating film on the first conductivity type 

20 emitter region; a collector take-out electrode comprised 
of the semiconductor layer formed in the collector 
opening and on the first insulating film around the 
collector opening; an emitter take-out electrode 
comprised of the semiconductor layer formed in the 

25 emitter opening and on the first insulating film around 
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the emitter opening; a contact hole formed in the first, 
second, third, and fourth insulating films formed on the 
second conductivity type base region; and a base 
electrode formed at the contact hole . 
5 « Preferably, the semiconductor device further 

comprises a second conductivity type impurity diffusion 
layer formed at the surface layer of the first 
conductivity type semiconductor substrate; a first 
conductivity type collector region formed at the surface 

10 layer of the second conductivity type impurity diffusion 
layer; a second conductivity type base region formed at 
the surface layer of the first conductivity type 
collector region; a first conductivity type emitter 
region formed at the surface layer of the second 

15 conductivity type base region; a collector opening formed 
in the first insulating film on the first conductivity 
type collector region; an emitter opening formed in the 
first insulating film on the first conductivity type 
emitter region; a collector take-out electrode comprised 

20 of the semiconductor layer formed in the collector 
opening and on the first insulating film around the 
collector opening; an emitter take-out electrode 
comprised of the semiconductor layer formed in the 
emitter opening and on the first insulating film around 

25 the emitter opening; a contact hole formed in the first, 
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second, third, and fourth insulating films on the second 
conductivity type base region; and a base electrode 
formed at the contact hole . 

Preferably, the semiconductor device further 
comprises a first conductivity type collector region 
formed in the semiconductor substrate of the first 
conductivity type comprising a collector take-out part 
connected to the surface of the semiconductor substrate; 
a second conductivity type base region formed on the 
first conductivity type collector region except the 
collector take-out part; a second conductivity type base 
region formed on the first conductivity type collector 
region except the collector take-out part; a first 
conductivity type emitter region formed at the surface 
layer of the second conductivity type base region; a 
collector opening formed in the first insulating film on 
the collector take-out part; an emitter opening formed in 
the first insulating film on the first conductivity type 
emitter region; a collector take-out electrode comprised 
of the semiconductor layer formed in the collector 
opening and on the first insulating film around the 
collector opening; an emitter take-out electrode 
comprised of the semiconductor layer formed in the 
emitter opening and on the first insulating film around 
the emitter opening; a contact hole formed in the first, 
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second, third, and fourth insulating films on the second 
conductivity type base region; and a base electrode 
formed at the contact hole . 

Preferably, the semiconductor device further 
comprises a lower electrode layer formed at the surface 
layer of the semiconductor substrate; an opening formed 
in the first insulating film on the lower electrode 
layer; a capacitor dielectric layer formed in the opening 
and on the first insulating film around the opening; an 
upper electrode comprised of the semiconductor layer and 
formed on the capacitor dielectric layer; a contact hole 
formed in the second, third, and fourth insulating films 
on the upper electrode; and an interconnection formed at 
the contact hole . 

Preferably, the semiconductor device further 
comprises a resistor layer comprised of the semiconductor 
layer formed on the first insulating film; a contact hole 
formed in the second, third, and fourth insulating films 
on the resistor layer; and an interconnection formed at 
the contact hole . 

Due to this, when etching in the production process 
of a semiconductor device, the third insulating film 
comprised of the PSG film or BPSG film etc. becomes a 
buffering part to damage and prevents damage to an 
element due to the etching. Also, it is possible not only 



to perform gettering of impurities by the third 
insulating film but to prevent autodoping from the third 
insulating film by the second and fourth insulating 
films . 

Therefore, for example, in a bipolar transistor, it 
becomes possible to make a base/emitter junction stable 
and form a shallow junction. Alternatively, in a 
capacitor, it becomes possible to make the capacitance 
characteristics stable. In a resistor, it becomes 
possible to make the resistance stable. Also, the 
reliability of a semiconductor device including these 
elements can be improved. 

According to a second aspect of the present 
invention, there is provided a process of production of a 
semiconductor device comprising the steps of forming a 
first insulating film on a semiconductor substrate; 
forming a semiconductor layer on the first insulating 
film; forming a second insulating film comprised of a 
non-doped silicon oxide film on the semiconductor layer; 
forming a third insulating film comprised of a silicon 
oxide film containing at least phosphorus on the second 
insulating film; and forming a fourth insulating film 
comprised of a non-doped silicon oxide film on the third 
insulating film. 

Preferably, the step of forming the second, third, 
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and fourth insulating films comprises three different 
chemical vapor deposition (CVD) steps. 

Alternatively, the step of forming the second, 
third, and fourth insulating films comprises a continuous 
5 chemical vapor deposition process where an amount of 

supply of phosphorus is changed before and after the step 
of forming the third insulating film. 

Preferably, the process of production of a 
semiconductor device further comprises the steps of 

10 forming a second conductivity type collector region at 
the surface layer of the semiconductor substrate of the 
first conductivity type; forming a first conductivity 
type base region at the surface layer of the second 
conductivity type collector region; forming the first 

15 insulating film on the semiconductor substrate and 

forming a first opening in the first insulating film; 
forming a base electrode comprised of the semiconductor 
layer in the first opening and on the first insulating 
film around the first opening; forming the second, 

2 0 third, and fourth insulating films on the base electrode 
and the first insulating film around the base 
electrode; forming a second opening in the base 
electrode and the second, third, and fourth insulating 
film in the first opening; forming an emitter take-out 

25 part comprised of a second semiconductor layer in the 
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second opening and on the fourth insulating film around 
the second opening; and diffusing an impurity from the 
emitter take-out part and forming a second conductivity 
type emitter region at the surface layer of the first 
conductivity type base region. 

Preferably, the process of production of a 
semiconductor device further comprises the steps of 
forming a second conductivity type base region at the 
surface layer of the semiconductor substrate of the first 
conductivity type; forming the first insulating film on 
the semiconductor substrate and forming a collector 
opening and emitter opening in the first insulating film; 
forming the semiconductor layer in the collector opening 
and emitter opening and on the first insulating film; 
etching the semiconductor layer and forming a collector 
take-out electrode comprised of the semiconductor layer 
in the collector opening and on the first insulating film 
around the collector opening; forming by the etching an 
emitter take-out electrode comprised of the semiconductor 
layer in the emitter opening and on the first insulating 
film around the emitter opening; forming the second, 
third, and fourth insulating films on the collector take- 
out electrode, emitter take-out electrode, and the first 
insulating film around the emitter take-out electrode and 
the collector take-out electrode; diffusing an impurity 



from the collector take-out electrode and forming a first 
conductivity type collector region at the surface layer 
of the second conductivity type base region; diffusing an 
impurity from the emitter take-out electrode and forming 
a first conductivity type emitter region at the surface 
layer of the second conductivity type base region; 
forming a contact hole in the first, second, third, and 
fourth insulating films on the second conductivity type 
base region; and forming a base electrode at the contact 
hole . 

Preferably, the process of production of a 
semiconductor device further comprises the steps of 
forming a second conductivity type impurity diffusion 
layer at the surface layer of the semiconductor substrate 
of the first conductivity type; forming a first 
conductivity type collector region at the surface layer 
of the second conductivity type impurity diffusion layer; 
forming a second conductivity type base region at the 
surface layer of the first conductivity type collector 
region; forming the first insulating film on the 
semiconductor substrate; forming a collector opening in 
the first insulating film on the first conductivity type 
collector region and forming an emitter opening in the 
first insulating film on the second conductivity type 
base region; forming the semiconductor layer in the 
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collector opening and emitter opening and on the first 
insulating film; forming a collector take-out electrode 
comprised of the semiconductor layer in the collector 
opening and on the first insulating film around the 
5 collector opening; forming an emitter take-out electrode 
comprised of the semiconductor layer in the emitter 
opening and on the first insulating film around the 
emitter opening; forming the second, third, and fourth 
insulating films on the collector take-out electrode, 

10 emitter take-out electrode, and first insulating film 

around the collector take-out electrode and emitter take- 
out electrode; diffusing an impurity from the collector 
take-out electrode and forming a collector take-out part 
at the surface layer of the first conductivity type 

15 collector region; diffusing an impurity from the emitter 
take-out electrode and forming a first conductivity type 
emitter region at the surface layer of the second 
conductivity type base region; forming a contact hole in 
the first, second, third, and fourth insulating films on 

20 the second conductivity type base region; and forming a 
base electrode at the contact hole. 

Preferably, the process of production of a 
semiconductor device further comprises the steps of 
forming a first conductivity type collector region in the 

2 5 semiconductor substrate of the first conductivity type; 
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forming a second conductivity type base region in a part 
of the semiconductor substrate on the first conductivity 
type collector region; forming the first insulating film 
on the semiconductor substrate; forming a collector 
5 opening in the first insulating film on the first 

conductivity type collector region and forming an emitter 
opening in the first insulating film on the second 
conductivity type base region; forming the semiconductor 
layer in the collector opening and emitter opening and on 

10 the first insulating film; forming a collector take-out 
electrode comprised of the semiconductor layer in the 
collector opening and on the first insulating film around 
the collector opening; forming an emitter take-out 
electrode comprised of the semiconductor layer in the 

15 emitter opening and on the first insulating film around 
the emitter opening; forming the second, third, and 
fourth insulating films on the collector take-out 
electrode, emitter take-out electrode, and first 
insulating film around the collector take-out electrode 

20 and emitter take-out electrode; diffusing an impurity 

from the collector take-out electrode to form a collector 
take-out part at the surface layer of the first 
conductivity type collector region; diffusing an impurity 
from the emitter take-out electrode to form a first 

2 5 conductivity type emitter region at the surface layer of 
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the second conductivity type base region; forming a 
contact hole in the first, second, third, and fourth 
insulating films on the second conductivity type base 
region; and forming a base electrode at the contact hole. 

Preferably, the process of production of a 
semiconductor device further comprises the steps of 
forming a lower electrode layer at the surface layer of 
the semiconductor substrate; forming the first insulating 
film on the semiconductor substrate and forming an 
opening in the first insulating film on the lower 
electrode layer; forming a capacitor dielectric layer in 
the opening and on the first insulating film around the 
opening; forming an upper electrode comprised of the 
semiconductor layer on the capacitor dielectric layer; 
forming the second, third, and fourth insulating films on 
the upper electrode and first insulating film around the 
upper electrode; forming a contact hole in the second, 
third, and fourth insulating films on the upper 
electrode; and forming an interconnection at the contact 
hole . 

Preferably, the process of production of a 
semiconductor device further comprises the steps of, 
after forming the semiconductor layer on the first 
insulating film, diffusing an impurity to the 
semiconductor layer; etching the semiconductor layer and 
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forming a resistor layer comprised of the semiconductor 
layer; forming the second, third, and fourth insulating 
films on the resistor layer and the insulating film 
around the resistor layer; forming a contact hole in the 
5 second, third, and fourth insulating films on the 

resistor layer; and forming an interconnection at the 
contact hole. 

Due to this, when etching in the production process 
of a semiconductor device, it becomes possible to prevent 

10 damage to elements using the third insulating film 

comprised of the PSG film or BPSG film as a buffering 
part to damage. Also, since the third insulating film 
having an impurity gettering ability is formed between 
the second insulating film and the fourth insulating 

15 film, it becomes possible to prevent autodoping from the 
third insulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
20 invention will become clearer from the following 

description of the preferred embodiments given with 
reference to the accompanying drawings , in which : 

Fig. 1 is a cross-sectional view of an example of a 
vertical npn transistor as a semiconductor device of the 
2 5 related art; 
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Fig. 2A is a cross-sectional view of an example of a 
lateral pnp transistor as a semiconductor device of the 
related art, while Fig. 2B is a cross-sectional view of 
an example of a vertical pnp transistor as a 
5 semiconductor device of the related art; 

Fig. 3A is a cross-sectional view of an example of a 
vertical pnp transistor as a semiconductor device of the 
related art, while Fig. 3B is a cross-sectional view of 
an example of a MIS capacitor as a semiconductor device 
10 of the related art; 

Fig. 4 is a cross-sectional view of an example of a 
polysilicon resistor as a semiconductor device of the 
related art ; 

Fig. 5A is a cross-sectional view of an example of 
15 vertical npn transistor as a semiconductor device of a 

first embodiment of the present invention, while Fig. 5B 
and Fig. 5C are cross-sectional views of steps of the 
process of production of a semiconductor device of the 
first embodiment of the present invention; 
20 Figs. 6A to 6C are cross-sectional views of steps of 

the process of production of a semiconductor device of 
the first embodiment of the present invention; 

Figs. 7A to 7C are cross-sectional views of steps of 
the process of production of a semiconductor device of 
25 the first embodiment of the present invention; 



- 25 - 

Figs. 8A to 8C are cross-sectional views of steps of 
the process of production of a semiconductor device of 
the first embodiment of the present invention; 

Figs. 9A to 9C are cross-sectional views of steps of 
5 the process of production of a semiconductor device of 
the first embodiment of the present invention; 

Figs. 10A and 10B are cross-sectional views of steps 
of the process of production of a semiconductor device of 
the first embodiment of the present invention; 
10 Fig. 11A is a cross-sectional view of an example of 

a lateral pnp transistor as a semiconductor device of a 
second embodiment of the present invention, while Fig. 
11B is a cross-sectional view of a step of the process of 
production of a semiconductor device of the second 
15 embodiment of the present invention; 

Figs. 12A and 12B are cross-sectional views of steps 
of the process of production of a semiconductor device of 
the second embodiment of the present invention; 

Figs. 13A and 13B are cross-sectional views of steps 
20 of the process of production of a semiconductor device of 
the second embodiment of the present invention; 

Fig. 14A is a cross-sectional view of an example of 
a vertical pnp transistor as a semiconductor device of a 
third embodiment of the present invention, while Fig. 14B 
2 5 is a cross-sectional view of a step of the process of 
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production of a semiconductor device of the third 
embodiment of the present invention; 

Fig. 15A and Fig. 15B are cross-sectional views of 
steps of the process of production of a semiconductor 
5 device of the third embodiment of the present invention; 

Fig. 16A and Fig. 16B are cross-sectional views of 
steps of the process of production of a semiconductor 
device of the third embodiment of the present invention; 

Fig. 17A and Fig. 17B are cross-sectional views of 
10 steps of the process of production of a semiconductor 

device of the third embodiment of the present invention; 

Fig. 18A is a cross-sectional view of an example of 
a vertical pnp transistor as a semiconductor device of a 
fourth embodiment of the present invention, while Fig. 
15 18B is a cross-sectional view of a production step of the 
process of production of a semiconductor device of the 
fourth embodiment of the present invention; 

Figs. 19A to 19C are cross-sectional views of steps 
of the process of production of a semiconductor device of 
2 0 the fourth embodiment of the present invention; 

Fig. 20A and Fig. 20B are cross-sectional views of 
steps of the process of production of a semiconductor 
device of the fourth embodiment of the present invention; 

Fig. 21A is a cross-sectional view of an example of 
2 5 a MIS capacitor as a semiconductor device of a fifth 
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embodiment of the present invention, while Fig. 2 IB is a 
cross-sectional view of a step of the process of 
production of a semiconductor device of the fifth 
embodiment of the present invention; 
5 Figs. 22A to 22C are cross-sectional views of steps 

of the process of production of a semiconductor device of 
the fifth embodiment of the present invention; 

Figs. 23A to 23C are cross-sectional views of steps 
of the process of production of a semiconductor device of 

10 the fifth embodiment of the present invention ; and 

Fig. 24A is a cross-sectional view of an example of 
a polysilicon resistor as a semiconductor device of a 
sixth embodiment of the present invention, while Fig. 24B 
is a cross-sectional view of a step of the process of 

15 production of a semiconductor device of the sixth 
embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Below, preferred embodiments of the semiconductor 
20 device and process of production of the same of the 

present invention will be described with reference to the 
accompanying drawings . 

The semiconductor device of the present invention 
employs a stacked film of an NSG/PSG/NSG sandwiched 
25 structure as an insulating film formed in the element. 
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Due to this, it becomes possible to utilize a gettering 
ability of PSG and prevent diffusion of impurities to a 
substrate, insulating film on the substrate, or 
conductive layer. Also, due to sandwiching the PSG film 
5 between the NSG films, autodoping of phosphorus etc. from 
the PSG film is prevented. Therefore, a highly reliable 
transistor which is prevented from changes in 
characteristics etc. due to autodoping can be obtained. 
(First Embodiment) 

10 Figure 5A is a cross-sectional view of a 

semiconductor device of the present embodiment and shows 
a vertical npn transistor (V-npn) . As shown in Fig. 5A, 
on a p- type semiconductor substrate 1 is formed an n-type 
epitaxial layer 2. On the surface of the n-type epitaxial 

15 layer 2 is formed a LOCOS 3 for separating elements. 
Below the LOCOS 3 is formed an element separating 
diffusion layer 4 containing a p-type impurity. The 
element separating diffusion layer 4 reaches the p-type 
semiconductor substrate 1 . 

2 0 At the surface layer of the p-type semiconductor 

substrate 1 is formed an n- type collector buried layer 5 
on which the n-type epitaxial layer 2 becomes an n-type 
collector layer. At the surface layer of the n-type 
epitaxial layer 2 comprised of the n-type collector layer 

25 is formed a p-type base region 6. Around the p-type base 



- 29 - 



region 6 is formed a graft base 6a. At the surface layer 
of the p-type base region 6 is formed an n-type emitter 
region 7. Also, in the n-type epitaxial layer 2 is formed 
a collector plug region (n + sinker) 8 connected to the n- 
type collector buried layer 5 . 

On the n-type epitaxial layer 2 or LOCOS 3 is formed 
for example a silicon oxide film 9 as a first insulating 
film. In the silicon oxide film 9 on the p-type base 
region 6 is formed an opening. In the opening and on the 
silicon oxide film 9 around the opening is formed a first 
polysilicon layer (p-type base electrode 10) which is 
connected to the p-type base region 6 and becomes a base 
take-out part. In the p-type base electrode 10 on the n- 
type emitter region 7 is formed an opening. 

On the p-type base electrode 10 or silicon oxide 
film 9 is formed a stacked film of an NSG film 11a, PSG 
film lib, and NSG film 11c as a second to fourth 
insulating films. In the NSG/PSG/NSG stacked film 11a, 
lib, 11c on the n-type emitter region 7 is formed an 
opening. In the opening and on the NSG/PSG/NSG stacked 
film 11a, lib, 11c around the opening is formed an n-type 
emitter polysilicon layer 12 . The n-type emitter 
polysilicon layer 12 is connected to the n-type emitter 
region 7 and becomes an emitter take-out part. 

On a part of the p-type base electrode 10, n-type 
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emitter polysilicon layer 12 , and collector plug region 8 
are formed electrodes 13 . 

Next, a process of production of the above 
semiconductor device of the present embodiment will be 
5 explained. 

First, as shown in Fig. 5B , the n-type collector 
buried layer 5 is formed at the surface layer of the p- 
type semiconductor substrate 1. For forming the n-type 
collector buried layer 5, first, an oxide film (not 

10 shown) is formed on the p-type semiconductor substrate 1 
by heat oxidation to a thickness of for example about 300 
nm. An opening is formed at the n-type collector buried 
layer 5 forming region in the oxide film. Then, Sb is 
diffused into the p-type semiconductor substrate 1 by 

15 vapor phase diffusion via the opening. The vapor phase 
diffusion using Sb 2 0 3 as an ingredient is performed at 
about 1200°C. After this, the oxide film is removed. 

Next, as shown in Fig. 5C, an n-type epitaxial layer 
2 having a resistivity of for example 0.3 to 5.0 Q • cm and 

20 thickness of about 0.7 to 2.0 //m is formed on the p-type 
semiconductor substrate 1. Next, using a silicon nitride 
film (not shown) as a mask, steam oxidation is performed 
on the surface of the n-type epitaxial layer 2 and the 
LOCOS 3 is formed to a thickness of for example about 0.8 

25 to 1.5 //m. After this, the silicon nitride film is 
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removed by etching using hot phosphoric acid. 

Next, as shown in Fig. 6A, the collector plug region 
8 is formed in the n-type epitaxial layer 2. For forming 
the collector plug region 8, using a photoresist as a 
5 mask , for example phosphorus is ion-implanted under 

conditions of an ion energy of 40 to 100 keV and a dosage 
of 1 X 10 15 to 1 X 10 16 atoms/cm 2 . After this, heat 
treatment is performed at for example 900 to 1000°C for 
about 30 min for diffusing the impurity. Due to this, the 
10 collector plug region 8 is formed. 

Next, as shown in Fig. 6B, using a photoresist (not 
shown) as a mask, RIE is performed for etching a bird's 
head of the LOCOS 3. Due to this, the LOCOS 3 is made 
flat. 

15 Further, the element separating diffusion layer 4 is 

formed below the LOCOS 3 . For forming the element 
separating diffusion layer 4, using a photoresist as a 
mask, for example, boron is ion-implanted under 
conditions of an ion energy of 200 to 500 keV and a 

20 dosage of 1 X 10 13 to 1 X 10 14 atoms/cm 2 . 

Next, as shown in Fig. 6C, the silicon oxide film 9 
is formed by CVD over the entire surface to a thickness 
of about 50 to 200 nm. Next, an opening 9a is formed by 
RIE using for example O z /CHF 3 gas system in the silicon 

2 5 oxide film 9. 
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Next, as shown in Fig. 7A, a polysilicon layer 10a 
is formed by CVD over the entire surface including the 
opening 9a to a thickness of about 100 to 300 run. After 
this, for example BF 2 is ion-implanted in the polysilicon 
5 layer 10a under conditions of an ion energy of 30 to 70 
keV and a dosage of 1 X 10 14 to 1 X 10 16 atoms/cm 2 for 
making the polysilicon layer 10a a p-type polysilicon 
layer . 

Next, as shown in Fig. 7B, using a photoresist as a 
10 mask, RIE is performed on the polysilicon layer 10a for 
forming the p-type base electrode 10, For example 
C 2 C1 3 F 3 /SF 6 gas system is used for the RIE. 

Next, as shown in Fig. 7C, the NSG film 11a, PSG 
film lib, and NSG film 11c are sequentially stacked over 
15 the entire surface. The thickness of the NSG film 11a is 
made for example 100 run, that of the PSG film lib is made 
50 nm, and that of the NSG film 11c is made 250 run. The 
NSG/PSG/NSG stacked film 11a, lib, 11c can be formed by 
for example three different CVD steps. Alternatively, it 
20 is also possible to form the desired NSG/PSG/NSG stacked 
films 11a, lib, 11c continuously by a CVD process while 
changing the amount of supply of phosphorus during the 
process . 

The thickness of the PSG film lib is suitably set 
2 5 within a range where the gettering ability of the PSG 
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film lib works effectively and autodoping from the PSG 
film lib is prevented, for example, within a range from 
10 nm to 30 nm. ? 

Also, even if the PSG film lib is changed to a BPSG 
5 film, autodoping can be prevented by a similar gettering 
ability. 

Next, as shown in Fig. 8A, using a photoresist (not 
shown) as a mask, RIE is performed on the NSG/PSG/NSG 
stacked films 11a, lib, 11c and p-type base electrode 10 
10 for forming an emitter opening 32. For etching of the 
NSG/PSG/NSG stacked films 11a, lib, 11c for example 
0 2 /CHF 3 gas system is used. For etching of the p-type 
base electrode 10, for example a C 2 C1 3 F 3 /SF 6 gas system is 
used. 

15 Next, as shown in Fig. 8B, the p-type base region 

(intrinsic base region) 6 is formed in the n- type 
epitaxial layer 2 at the bottom of the emitter opening 
32. For forming the p-type base region 6, first, an oxide 
film (not shown) is formed by heat oxidation of the n- 

2 0 type epitaxial layer 2 at the bottom of the emitter 
opening 32 to a thickness of about 5 to 30 nm. For 
example BF 2 is ion-implanted under conditions of an ion 
energy of 20 to 100 keV and a dosage of 1 X 10 13 to 1 X 
10 14 atoms /cm 2 via the oxide film. 

25 Next, as shown in Fig. 8C, a silicon oxide film 33a 
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for forming sidewalls of the emitter opening 32 is formed 
by CVD over the entire surface to a thickness of about 
300 to 600 nm. Next, base annealing is performed for 
example at 800 to 950 °C for 10 to 60 min to diffuse a p- 
type impurity from the p-type base electrode 10 to the n- 
type epitaxial layer 2 and form the graft base 6a. Also, 
the p-type impurity ion-implanted in the intrinsic base 
region 6 diffuses due to this base annealing. 

Next, as shown in Fig. 9A, RIE is performed on the 
silicon oxide film 33a for forming sidewalls 33 at the 
emitter opening 32 . For example an 0 2 /CHF 3 gas system can 
be used for this RIE. 

Next, as shown in Fig. 9B, a polysilicon layer 12a 
for forming the n-type emitter polysilicon layer 12 is 
formed by CVD over the entire surface to a thickness of 
about 50 to 200 nm. After this, for example arsenic is 
ion-implanted as an n-type impurity in the polysilicon 
layer 12a under conditions of an ion energy of 30 to 100 
keV and a dosage of 1 X 10 15 to 1 X 10 16 atoms/cm 2 . 

Next, as shown in Fig. 9C, emitter annealing is 
performed for example at 800°C or higher for 10s of 
minutes or at 900 to 1100°C for several minutes to 10s of 
minutes to diffuse an n-type impurity from the 
polysilicon layer 12a to the p-type base region 6 for 
forming the n-type emitter region 7. 
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Next, as shown in Fig. 10A, RIE is performed on the 
polysilicon layer 12a for forming the n-type emitter 
polysilicon layer 12. For example, a C2C1 3 F 3 /SF 6 gas 
system can be used for this RIE. 
5 Next, as shown in Fig. 10B, RIE is performed on a 

base take-out part of the p-type base electrode 10 and 
the NSG/PSG/NSG stacked films 11a, lib, 11c on the 
collector plug region 8 for forming an opening 34. For 
example, an 0 2 /CHF 3 gas system can be used for etching 

10 the NSG/PSG/NSG stacked films 11a, lib, lie; 

Next, a barrier metal layer comprised of for example 
titanium or titanium nitride and a metal layer comprised 
of aluminum or aluminum alloy etc. are stacked by 
sputtering over the entire surface and then RIE is 

15 performed. Due to this, electrodes 13 are formed on the 
base take-out part, n-type emitter polysilicon layer 12, 
and collector plug region 8. Due to the above process, 
the semiconductor device of the present embodiment shown 
in Fig. 5A is obtained. After this, upper 

20 interconnections, a passivation film, etc. are suitably 
formed. 

(Second Embodiment) 

Figure 11A is a cross-sectional view of a 
semiconductor device of the present embodiment and shows 
25 a lateral pnp transistor (L-pnp) . As shown in Fig. 11A, 
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on a p-type semiconductor substrate 1 is formed an n-type 
epitaxial layer 2 . On the surface of the n-type epitaxial 
layer 2 is formed a LOCOS 3 for separating elements . 
Below the LOCOS 3 is formed an element separating 
5 diffusion layer 4 containing a p-type impurity. The 

element separating diffusion layer 4 reaches the p-type 
semiconductor substrate 1 . 

At the surface layer of the p-type semiconductor 
substrate 1 is formed an n-type base buried layer 14 

10 whereon the n-type epitaxial layer 2 becomes an n-type 

base layer. At the surface layer of the n-type epitaxial 
layer 2 comprised of the n-type base layer are formed a 
p-type emitter region 15 and a p-type collector region 16 
separate from each other. Also, in the n-type epitaxial 

15 layer 2 is formed a base plug region (n + sinker) 17 
connected to the n-type base buried layer 14 . 

On the n-type epitaxial layer 2 or LOCOS 3 is formed 
for example a silicon oxide film 9 as a first insulating 
film. In the silicon oxide film 9 on the p-type emitter 

20 region 15 and the p-type collector region 16 is formed an 
opening. At the opening on the p-type emitter region 15 
is formed an emitter take-out electrode 18 comprised of a 
p-type polysilicon layer. In the same way, at the opening 
on the p-type collector region 16 is formed a collector 

25 take-out electrode 19 comprised of a p-type polysilicon 
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layer . 

On the emitter take-out electrode 18, collector 
take-out electrode 19, or silicon oxide film 9 is formed 
an NSG/PSG/NSG stacked film 11a, lib, 11c as a second to 
5 fourth insulating film. 

In the NSG/PSG/NSG stacked film 11a, lib, 11c on the 
emitter take-out electrode 18, collector take-out 
electrode 19, and base plug region 17 are formed openings 
where electrodes 13 are formed. 
10 Next, a process of production of the above 

semiconductor device of the present embodiment will be 
explained. 

First, as shown in Fig. 11B, the n-type base buried 
layer 14 is formed at the surface layer of the p-type 

15 semiconductor substrate 1. For forming the n-type base 
buried layer 14, using a photoresist (not shown) as a 
mask, for example phosphorus is ion-implanted under 
conditions of an ion energy of 300 keV or more and a 
dosage of 1 X 10 13 to 1 X 10 1S atoms/cm 2 . After this, the 

20 photoresist is removed. 

Next, as shown in Fig. 12A, in the same way as the 
first embodiment, the n-type epitaxial layer 2 is formed 
on the p-type semiconductor substrate 1 and the LOCOS 3 
is formed on the surface of the n-type epitaxial layer 2 . 

2 5 Further, the base plug region 17 is formed in the n-type 
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epitaxial layer 2 . For forming the base plug region 17 , 
using a photoresist as a mask, for example phosphorus is 
ion-implanted under conditions of an ion energy of 40 to 
100 keV and a dosage of 1 X 10 15 to 1 X 10 16 atoms/cm 2 . 
5 After this, heat treatment is performed at for example 
900 to 1000°C for about 30 minutes to diffuse the 
impurity. 

When the L-pnp of the present embodiment is mounted 
mixed on the same substrate with the V-npn of the first 

10 embodiment, it is possible to form the collector plug 

region 8 of the V-npn and the base plug region 17 of the 
L-pnp simultaneously. 

Next, in the same way as the first embodiment, the 
bird' s head of the LOCOS 3 is etched to flatten the LOCOS 

15 3. After this, in the same way as the first embodiment, a 
p-type impurity is ion-implanted at the LOCOS 3 part to 
form the element separating diffusion layer 4 . 

Next, as shown in Fig. 12B, a silicon oxide film 9 
is formed by CVD over the entire surface to a thickness 

20 of about 50 to 200 nm. Next, RIE is performed in the 

silicon oxide film 9 on the emitter forming region and 
collector forming region to form an opening 35. For 
example, an 0 2 /CHF 3 gas system can be used for RIE for 
forming the opening 35. After this, a polysilicon layer 

25 10a is formed by CVD on the silicon oxide film 9 
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including in the opening 35 to a thickness of about 100 
to 300 nm. 

Next, as shown in Fig. 13A, using a photoresist (not 
shown) as a mask, RIE is performed on the polysilicon 
5 layer 10a to form the emitter take-out electrode 18 and 
collector take-out electrode 19. For example, a 
C 2 C1 3 F 3 /SF 6 gas system can be used for this RIE. 

When the L-pnp of the present embodiment is mounted 
mixed on the same substrate with the V-npn of the first 
10 embodiment, it is possible to form the p-type base 
electrode 10 of the V-npn and the emitter take-out 
electrode 18 and collector take-out electrode 19 of the 
L-pnp simultaneously . 

Next, as shown in Fig. 13B, an NSG film 11a, PSG 
15 film lib, and NSG film 11c are stacked sequentially over 
the entire surface. The thickness of the NSG film 11a is 
set at for example 100 nm, that of the PSG film lib is 
set at 50 nm, and that of the NSG film 11c is set at 250 
nm. The NSG/PSG/NSG stacked film 11a, lib, 11c can be 
20 formed by for example three different CVD process or a 

CVD process wherein the amount of supply of phosphorus is 
changed during the process. 

Also, even when the PSG film lib is changed to a 
BPSG film, it is possible to prevent autodoping due to 
25 its similar gettering ability. 
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After this, heat treatment is performed for example 
at 900 to 1000°C for 10 to 60 minutes under a nitrogen 
atmosphere for diffusing a p-type impurity from the 
emitter take-out electrode 18 to the n-type epitaxial 
5 layer 2 to form the p-type emitter region 15 . At the same 
time, the p-type impurity is diffused from the collector 
take-out electrode 19 to the n-type epitaxial layer 2 to 
form the p-type collector region 16. 

When the L-pnp of the present embodiment is mounted 

10 mixed on the same substrate with the V-npn of the first 
embodiment, it is possible to form the graft base 6a of 
the V-npn and the p-type emitter region 15 and p-type 
collector region 16 of the L-pnp simultaneously. 

After this, RIE is performed on the NSG/PSG/NSG 

15 stacked films 11a, lib, 11c on the emitter take-out 

electrode 18 and collector take-out electrode 19 to form 
openings. On the other hand, due to this RIE, an opening 
is also formed in the NSG/PSG/NSG stacked films 11a, lib, 
11c and silicon oxide film 9 on the base plug region 17. 

20 By forming electrodes 13 comprising for example a barrier 
metal layer and metal layer at the openings in the same 
way as the first embodiment, the semiconductor device 
shown in Fig. 11A can be obtained. 
(Third Embodiment) 

25 Figure 14A is a cross-sectional view of a 
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semiconductor device of the present embodiment and shows 
a vertical pnp transistor (V-pnp) . As shown in Fig. 14A, 
on a p-type semiconductor substrate 1 is formed an n-type 
epitaxial layer 2 . On the surface of the n-type epitaxial 
5 layer 2 is formed a LOCOS 3 for separating elements. 
Below the LOCOS 3 is formed an element separating 
diffusion layer 4 containing a p-type impurity. The 
element separating diffusion layer 4 reaches the p-type 
semiconductor substrate 1. 

10 At the surface layer of the p-type semiconductor 

substrate 1 is formed an n-type buried layer 20 whereon a 
p-well which becomes a p-type collector region 21 is 
formed. Due to the n-type buried layer 20, the p-type 
collector region 21 and p-type semiconductor substrate 1 

15 are electrically separated. At the surface layer of the 
p-type collector region 21 formed an n-type base region 
22 and graft base 22a connected to the base region 22. At 
the surface layer of the n-type base region 22 is formed 
a P^tyP 6 emitter region 23. Also, at the surface layer of 

20 the p-type collector region 21 is formed a collector 

take-out part 2 4 separate from the n-type base region 22 
and graft base 22a. The collector take-out part 24 
contains a p-type impurity at a higher concentration than 
the p-type collector region 21 . 

25 On the n-type epitaxial layer 2 or LOCOS 3 is formed 
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for example a silicon oxide film 9 as a first insulating 
film. In the silicon oxide film 9 on the p-type emitter 
region 23 and collector take-out part 2 4 are formed 
openings. At the opening on the p-type emitter region 23 
5 is formed an emitter take-out electrode 25 comprised of 
p-type polysilicon. In the same way, at the opening on 
the collector take-out part 24 is formed a collector 
take-out electrode 26 comprised of p-type polysilicon. 
On the emitter take-out electrode 25, collector 
10 take-out electrode 26, or silicon oxide film 9 is formed 
a stacked film of an NSG film 11a, PSG film lib, and NSG 
film 11c as second to fourth insulating films. 

In the NSG/PSG/NSG stacked films 11a, lib, 11c on 
the base take-out part, emitter take-out electrode 25, 
15 and collector take-out electrode 26 are formed openings 
where electrodes 13 are formed. 

Next, a process of production of the above 
semiconductor device of the present embodiment will be 
explained. 

20 First, as shown in Fig. 14B, the n-type buried layer 

2 0 is formed at the surface layer of the p-type 
semiconductor substrate 1 . For forming the n-type buried 
layer 20, in the same way as the case of forming the n- 
type collector buried layer 5 of the V-npn of the first 

2 5 embodiment, using an oxide film as a mask, Sb 2 0 3 is 
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diffused by vapor phase diffusion at about 12 00°C. After 
this, the oxide film is removed. 

When the V-pnp of the present embodiment is mounted 
mixed on the same substrate with the V-npn of the first 
5 embodiment, it is possible to form the n-type collector 
buried layer 5 of the V-npn and the n-type buried layer 
20 of the V-pnp simultaneously. 

Next, as shown in Fig. 15A, in the same way as the 
first embodiment, the n-type epitaxial layer 2 is formed 
10 on the p-type semiconductor substrate 1 and the LOCOS 3 

is formed on the surface of the n-type epitaxial layer 2. 
Further, the bird's head of the LOCOS 3 is etched to 
flatten the LOCOS 3 . 

Next, using a photoresist as a mask, a p-type 
15 impurity is ion-implanted in the n-type epitaxial layer 
and LOCOS 3 part on the n-type buried layer 2 0 to form 
the p-type collector region 21 and element separating 
diffusion layer 4 . 

Next, as shown in Fig. 15B, the n-type base region 
20 22 and graft base 22a are formed at the surface layer of 
the p-type collector region 21. After this, a silicon 
oxide film is formed by CVD over the entire surface to a 
thickness of about 50 to 200 nm. 

Next, as shown in Fig. 16A, using a photoresist (not 
2 5 shown) as a mask, etching is performed on the silicon 
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oxide film 9 to form openings 36 at an emitter forming 
region and collector take-out part. Next, a polysilicon 
layer 10a is formed by for example CVD over the entire 
surface including in the openings 36. For example, BF 2 is 
5 ion-implanted as a p-type impurity in the polysilicon 

layer 10a under conditions of an ion energy of 20 to 100 
keV and a dosage of 1 X 10 15 to 1 X 10 16 atoms / cm 2 . 

Next, as shown in Fig. 16B, the polysilicon layer 
10a is etched to form the emitter take-out electrode 25 

10 and collector take-out electrode 26. 

When the V-pnp of the present embodiment is mounted 
mixed on the same substrate with the V-npn of the first 
embodiment, it is possible to form the p-type base 
electrode 10 of the V-npn and the emitter take-out 

15 electrode 25 and collector take-out electrode 2 6 of the 

V-pnp simultaneously. Also, when the V-pnp of the present 
embodiment is mounted mixed on the same substrate with 
the L-pnp of the second embodiment, it is possible to 
form the emitter take-out electrode 18 and collector 

2 0 take-out electrode 19 of the L-pnp and the emitter take- 
out electrode 25 and collector take-out electrode 2 6 of 
the V-pnp simultaneously. 

Next, as shown in Fig. 17A, an NSG film 11a, PSG 
film lib, and NSG film 11c are sequentially stacked over 

25 the entire surface. The thickness of the NSG film is set 
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for example at 100 nm, that of the PSG film lib is set at 
50 nm, and that of the NSG film 11c is set at 250 nm. It 
is possible to form the NSG/PSG/NSG stacked films 11a, 
lib, 11c by for example three different CVD process or a 
5 CVD process wherein an amount of supply of phosphorus is 
changed during the process. 

Also, even when the PSG film lib is changed to a 
BPSG film, autodoping can be prevented by its similar 
gettering ability. 

10 Next, as shown in Fig. 17B, heat treatment is 

performed at for example 900 to 1000°C for 10 to 60 
minutes under a nitrogen gas atmosphere for diffusing the 
p-type impurity from the emitter take-out electrode 25 to 
the n-type base region 22 to form the p-type emitter 

15 region 23. In the same way, the p-type impurity is 

diffused from the collector take-out electrode 2 6 to the 
p-type collector region 21 to form the collector take-out 
part 24. 

When the V-pnp of the present embodiment is mounted 
2 0 mixed on the same substrate with the V-npn of the first 
embodiment, it is possible to form the graft base 6a of 
the V-npn and the p-type emitter region 23 and collector 
take-out part 24 of the V-pnp simultaneously. 

After this, RIE is performed on the NSG/PSG/NSG 
25 stacked films 11a, lib, 11c on the graft base 22a, 
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emitter take-out electrode 25, and collector take-out 
electrode 26 to form openings. By forming electrodes 13 
comprising for example a barrier metal layer and metal 
layer at the openings, in the same way as the first 
5 embodiment, the semiconductor device shown in Fig. 14A is 
obtained. 

(Fourth Embodiment) 

Figure 18A is a cross-sectional view of a 
semiconductor device of the present embodiment and shows 

10 a vertical pnp transistor (S-pnp) . As shown in Fig. 18A, 
on the p-type semiconductor substrate 1 is formed an n- 
type epitaxial layer 2 . On the surface of the n-type 
epitaxial layer 2 is formed a LOCOS 3 for separating 
elements. Below the LOCOS 3 is formed an element 

15 separating diffusion layer 4 containing a p-type impurity 
which reaches the p-type semiconductor substrate 1 . 

In the n-type epitaxial layer 2 is formed a p-type 
collector region 21. A part of the p-type collector 
region 21 reaches the surface of the p-type semiconductor 

20 substrate 1. Also, in the n-type epitaxial layer 2 are 
formed an n-type base region 22 and graft base 22a. A 
part of the n-type base region 22 is formed on the p-type 
collector region 21. At the surface layer of the n-type 
base region 22 on the p-type collector region 21 is 

25 formed a p-type emitter region 23. Also, at the surface 
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layer of the p-type collector region 21 is formed a 
collector take-out part 24. The collector take-out part 
24 contains a p-type impurity at a higher concentration 
than the p-type collector region 21. 
5 On the n-type epitaxial layer 2 or LOCOS 3 is formed 

for example a silicon oxide film 9 as a first insulating 
film. In the same way as the V-pnp shown in Fig. 14A, in 
the silicon oxide film 9 on the p-type emitter region 23 
and collector take-out part 24 are formed openings. At 

10 the opening on the p-type emitter region 23 is formed an 
emitter take-out electrode 25 comprised of p-type 
polysilicon. In the same way, at the opening on the 
collector take-out part 24 is formed a collector take-out 
electrode 2 6 comprised of p-type polysilicon . 

15 On the emitter take-out electrode 25, collector 

take-out electrode, or silicon oxide film 9 is formed a 
stacked film of an NSG film 11a , PSG film lib, and NSG 
film 11c as second to fourth insulating films. 

In the NSG/PSG/NSG stacked films 11a, lib, 11c on 

20 the base take-out part, emitter take-out electrode 25, 
and collector take-out electrode 2 6 are formed openings 
where electrodes 13 are formed. 

Next, a process of production of the semiconductor 
device of the above semiconductor device of the present 

25 embodiment will be explained. 
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First, as shown in Fig. 18B, the n-type epitaxial 
layer 2 is formed on the p-type semiconductor substrate 1 
and the LOCOS 3 is formed on the surface of the n-type 
epitaxial layer 2 . It is possible to form these parts in 
5 the same way as the first embodiment. 

Next, as shown in Fig. 19A, the p-type collector 
region 21 and element separating diffusion layer 4 are 
formed. For forming these parts, using a photoresist (not 
shown) as a mask, for example boron is ion-implanted 

10 under conditions of an ion energy of 200 to 500 keV and a 
dosage of 1 X 10 13 to 1 X 10 14 atoms/cm 2 . After this, the 
photoresist is removed. 

Next, as shown in Fig. 19B, the n-type base region 
22 is formed in the n-type epitaxial layer 2 . For forming 

15 the n-type base region 22, using a photoresist (not 
shown) as a mask, for example, phosphorus is ion- 
implanted. After this, the photoresist is removed. 

Next, a photoresist (not shown) is formed for 
forming the graft base. Using the photoresist as a mask, 

20 for example, arsenic is ion-implanted under conditions of 
an ion energy of 30 to 7 0 keV and a dosage of 1 X 10 15 to 
1 X 10 16 atoms/cm 2 . Due to this, the graft base 22a 
connected to the n-type base region 22 is formed. After 
this, the photoresist is removed. 

2 5 Next, as shown in Fig. 19C, the silicon oxide film 9 
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is formed by CVD over the entire surface to a thickness 
of about 50 to 200 nm. Further, using a photoresist (not 
shown) as a mask, the silicon oxide film 9 is etched to 
form openings 36 at the emitter forming region and 
5 collector take-out part. Next, a polysilicon layer 10a is 
formed by for example CVD over the entire surface 
including in the openings 36. For example, BF 2 is ion- 
implanted as a p-type impurity in the polysilicon layer 
10a under conditions of an ion energy of 20 to 100 keV 

10 and a dosage of 1 X 10 15 to 1 X 10 16 atoms/cm 2 . 

Next, as shown in Fig. 2 OA, the polysilicon layer 
10a is etched to form the emitter take-out electrode 25 
and collector take-out electrode 26. 

When the S-pnp of the present embodiment is mounted 

15 mixed on the same substrate with the V-npn of the first 
embodiment, it is possible to form the p-type base 
electrode 10 of the V-npn and the emitter take-out 
electrode 25 and collector take-out electrode 26 of the 
S-pnp simultaneously. Also, when the S-pnp of the present 

20 embodiment is mounted mixed on the same substrate with 
the L-pnp of the second embodiment, it is possible to 
form the emitter take-out electrode 18 and collector 
take-out electrode 19 of the L-pnp and the emitter take- 
out electrode 25 and collector take-out electrode 2 6 of 

25 the S-pnp simultaneously. 
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Further, an NSG film 11a, PSG film lib, and NSG film 
11c are sequentially stacked over the entire surface. The 
thickness of the NSG film 11a is for example set at 100 
nm, that of the PSG film lib is set at 50 nm, and that of 
5 the NSG film 11c is set at 250 nm. The NSG/PSG/NSG 

stacked film 11a, lib, 11c can be formed by for example 
three different CVD steps or a CVD process wherein an 
amount of supply of phosphorus is changed during the 
process . 

10 Also, even when the PSG film lib is changed to a 

BPSG film, it is possible to prevent autodoping due to 
its similar gettering ability. 

Next, as shown in Fig. 20B, heat treatment is 
performed at for example 900 to 1000°C for 10 to 60 

15 minutes under a nitrogen gas atmosphere for diffusing the 
p- type impurity from the emitter take-out electrode 25 to 
the n- type base region 22 to form the p- type emitter 
region 23. At the same time, the p~ type impurity is 
diffused from the collector take-out electrode 2 6 to the 

2 0 n- type epitaxial layer 2 to connect the p- type collector 
region 21 to the collector take-out electrode 26. Also, 
the collector take-out part 24 is formed near the 
collector take-out electrode 26. 

When the S-pnp of the present embodiment is mounted 

2 5 mixed on the same substrate with the V-npn of the first 
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embodiment , it is possible to form the graft base 6a of 
the V-npn and the p-type emitter region 23 and collector 
take-out part 24 of the S-pnp simultaneously. 

After this, RIE is performed on the NSG/PSG/NSG 
5 stacked film 11a , lib, 11c on the graft base 22a, emitter 
take-out electrode 25, and collector take-out electrode 
26 to form openings. By forming electrodes 13 comprising 
for example a barrier metal layer and metal layer at the 
openings in the same way as the first embodiment, the 
10 semiconductor device shown in Fig. 18A is obtained. 
(Fifth Embodiment) 

Figure 21A is a cross-sectional view of a 
semiconductor device of the present embodiment and shows 
a capacitor of a MIS structure (MIS-C) . As shown in Fig. 

15 21A, on the p-type semiconductor substrate 1 is formed an 
n-type epitaxial layer 2 . On the surface of the n-type 
epitaxial layer 2 is formed a LOCOS 3 for separating 
elements. Below the LOCOS 3 is formed an element 
separating diffusion layer 4 containing a p-type 

20 impurity. The element separating diffusion layer 4 
reaches the p-type semiconductor substrate 1 . 

In the n-type epitaxial layer 2 is formed a lower 
electrode layer 27 wherein an n-type impurity is 
diffused. On the n-type epitaxial layer 2 and LOCOS 3 is 

25 formed for example a silicon oxide film 9 as a first 
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insulating film. In an opening formed in the silicon 
oxide film 9 on the lower electrode layer 27 and on the 
silicon oxide film 9 around the opening is formed a 
capacitor dielectric layer 28 comprised of for example a 
5 silicon nitride film. 

On the capacitor dielectric layer 28 is formed an 
upper electrode 29 comprised of a p-type poly silicon 
layer. On the upper electrode 29 or the silicon oxide 
film 9 is formed a stacked film of an NSG film 11a, PSG 
10 film lib, and NSG film 11c as second to fourth insulating 
films . 

In the NSG/PSG/NSG films 11a , lib, 11c on the upper 
electrode 2 9 is formed an opening wherein an 

interconnection 30 connected to the upper electrode 29 is 
15 formed. Also, an opening is formed in the NSG/PSG/NSG 

stacked films 11a, lib, 11c on the lower electrode layer 
27 except where the capacitor dielectric layer 28 and 
upper electrode 29 are formed. In the opening is formed 
an interconnection 30 connected to the lower electrode 
20 layer 27. 

Next, a process of production of the above 
semiconductor device of the present embodiment will be 
explained. 

First, as shown in Fig. 2 IB, the n-type epitaxial 
2 5 layer 2 is formed on the p-type semiconductor substrate 1 
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and the LOCOS 3 is formed on the surface of the n-type 
epitaxial layer 2 . It is possible to form these parts in 
the same way as the first embodiment. 

Next, as shown in Fig. 22A, the lower electrode 
5 layer 27 is formed in the n-type epitaxial layer 2. For 

forming the lower electrode layer 27 , using a photoresist 
as a mask, for example phosphorus is ion-implanted under 
conditions of an ion energy of 50 keV and a dosage of 5 X 
10 15 atoms/cm 2 . After this, heat treatment is performed at 
10 for example 1000 °C for about 30 minutes to diffuse an 
impurity . 

When the MIS-C of the present embodiment is mounted 
mixed on the same substrate with the V-npn of the first 
embodiment, it is possible to form the collector plug 
15 region 8 of the V-npn and the lower electrode layer 27 
simultaneously . 

After this, the bird's head of the LOCOS 3 is etched 
in the same way as the first embodiment to flatten the 
LOCOS 3. 

20 Next, as shown in Fig. 22B, in the same way as the 

first embodiment, a p- type impurity is ion-implanted in 
the LOCOS 3 part to form the element separating diffusion 
layer 4 . 

Next, as shown in Fig. 22C, the silicon oxide film 9 
2 5 is formed by CVD over the entire surface to a thickness 
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of about 50 to 200 nm. Further, using a photoresist (not 
shown) as a mask, the silicon oxide film 9 is etched to 
form an opening 37 at a capacitor forming region. 

Next, as shown in Fig. 23A, a silicon nitride film 
5 28a is formed by for example low pressure CVD over the 
entire surface including in the opening 37 as the 
capacitor dielectric layer. 

Next, as shown in Fig. 23B, using a photoresist (not 
shown) as a mask, the silicon nitride film 28a is etched 

10 to form the capacitor dielectric layer 28. Further, a 

polysilicon layer 10a is formed by for example CVD over 
the entire surface. For example, BF 2 is ion-implanted in 
the polysilicon layer 10a as a p-type impurity under 
conditions of an ion energy of 20 to 100 keV and a dosage 

15 of 1 X 10 15 to 1 X 10 16 atoms/cm 2 . 

Next, as shown in Fig. 23C, the polysilicon layer 
10a is etched to form the upper electrode 29. When the 
MIS-C of the present embodiment is mounted mixed on the 
same substrate with the V-npn of the first embodiment, it 

20 is possible to form the p-type base electrode 10 of the 
V-npn and the upper electrode 2 9 of the MIS-C 
simultaneously. 

Also, when the MIS-C of the present embodiment is 
mounted mixed on the same substrate with the L-pnp of the 

25 second embodiment, it is possible to form the emitter 



- 55 - 



take-out electrode 18 and collector take-out electrode 19 
of the L-pnp and the upper electrode 2 9 of the MIS-C 
simultaneously . 

Also, when the MIS-C of the present embodiment is 
5 mounted mixed on the same substrate with the V-pnp of the 
third embodiment or the S-pnp of the fourth embodiment, 
it is possible to form the emitter take-out electrode 25 
and collector take-out electrode 2 6 of the V-pnp or S-pnp 
and the upper electrode 29 of the MIS-C simultaneously. 

10 Next, as shown in Fig. 23C, an NSG film 11a, PSG 

film lib, and NSG film 11c are sequentially stacked over 
the entire surface. The thickness of the NSG film 11a is 
set at for example 100 nm, that of the PSG film lib is 
set at* 50 nm, and that of the NSG film 11c is set at 250 

15 nm. The NSG/PSG/NSG stacked films 11a, lib, 11c can be 

formed by for example three different CVD steps or a CVD 
process wherein the amount of supply of phosphorus is 
changed during the process. 

Also, even when the PSG film lib is changed . to a 

20 BPSG film, it is possible to prevent autodoping due to 
its similar gettering ability. 

After this, RIE is performed on the NSG/PSG/NSG 
stacked films 11a, lib, 11c on the upper electrode 29 and 
lower electrode layer take-out part to form openings . By 

25. forming the interconnections 30 comprising for example a 
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barrier metal layer and metal layer at the openings in 
the same way as the first embodiment, the semiconductor 
device shown in Fig. 21A is obtained. 
(Sixth Embodiment) 
5 Figure 24A is a cross-sectional view of a 

semiconductor device of the present embodiment and shows 
a polysilicon resistor (Poly-R) . As shown in Fig. 24A, 
the Poly-R is formed on the p-type semiconductor 
substrate 1 at a LOCOS 3 part. Below the LOCOS 3 is 

10 formed an element separating diffusion layer 4 containing 
a p-type impurity. The element separating diffusion layer 
4 reaches the p-type semiconductor substrate 1. 

A polysilicon resistor layer 31 is formed on the 
LOCOS 3 via the silicon oxide film 9. The polysilicon 

15 resistor layer 31 contains an n-type impurity. The 

polysilicon resistor layer 31 is covered with a stacked 
film of an NSG film 11a, PSG film lib, and NSG film 11c. 
In the NSG/PSG/NSG stacked films 11a , lib, 11c on the 
polysilicon resistor layer 31 are formed openings wherein 

20 interconnections 30 connected to the polysilicon resistor 
layer 31 are formed. 

Next, a process of production of the above 
semiconductor device of the present embodiment will be 
explained . 

2 5 First, as shown in Fig. 24B, the n-type epitaxial 
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layer 2 is formed on the p-type semiconductor substrate 1 
and the LOCOS 3 is formed on the surface of the n-type 
epitaxial layer 2. Further, the element separating 
diffusion layer 4 is formed below the LOCOS 3. Next, the 
5 silicon oxide film 9 is formed by CVD over the entire 

surface to a thickness of about 50 to 200 nm. After this, 
a polysilicon layer 10a is formed by for example CVD over 
the entire surface. It is possible to form these parts in 
the same way as the first embodiment. 
10 A photoresist 38 having an opening at a polysilicon 

resistor forming region is formed. Using the photoresist 
38 as a mask, for example phosphorus is ion-implanted in 
the polysilicon layer 10a. After this, the photoresist 38 
is removed. 

15 Next, as shown in Fig. 24C, the polysilicon layer 

10a is etched to form the polysilicon resistor layer 31. 

Next, an NSG film 11a, PSG film lib, and NSG film 
11c are sequentially stacked over the entire surface. The 
thickness of the NSG film 11a is set at for example 100 

2 0 nm, that of the PSG film lib is set at 50 nm, and that of 
the NSG film 11c is set at 250 nm. The NSG/PSG/NSG 
stacked films 11a, lib, 11c can be formed by for example 
three different CVD steps or a CVD process wherein the 
amount of supply of phosphorus is changed during the 

25 process . 
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Also, even when the PSG film lib is changed to a 
BPSG film, it is possible. to prevent autodoping due to 
its similar gettering ability. 

After this, the NSG/PSG/NSG stacked films 11a, lib, 
5 11c are etched to form openings. By forming the 

interconnections 30 comprising for example a barrier 
metal layer and metal layer at these openings in the same 
way as the first embodiment, the semiconductor device 
shown in Fig. 24A is obtained. 

10 According to the process of production of the 

semiconductor device of the embodiments of the present 
invention, when etching in the production process of a 
semiconductor device, the NSG/PSG/NSG stacked films are 
used as a buffering part against damage and it becomes 

15 possible to prevent damage to the element. Also, by 
forming a PSG film having an ability of impurity 
gettering, it becomes possible to prevent autodoping of 
impurity to a polysilicon layer and to form for example a 
bipolar transistor having a stable shallow junction at a 

20 base/emitter junction, a capacitor stable in capacitor 
characteristics, or a resistor stable in resistance. On 
the other hand, since the PSG film is formed sandwiched 
between the NSG films, autodoping from the PSG film is 
prevented. Therefore, it becomes possible to form a 

2 5 reliable semiconductor device. 
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Note that the present Invention is not limited to 
the above embodiments and includes modifications within 
the scope of the claims. For example, it is also possible 
to form the above NSG/PSG/NSG stacked film on a gate 
5 electrode of a field effect transistor. 

According to the semiconductor of the present 
invention, it becomes possible to prevent fluctuation of 
element characteristics due to autodoping of the 
impurity . 

10 Also, according to the process of production of a 

semiconductor device of the present invention, it becomes 
possible to prevent damage due to etching and autodoping 
of impurity and to produce a reliable semiconductor 
device . 



